factor (TNF) receptor family (9). This molecule transduces R&D Center 16-13, Kitakasai 1, Edogawa-ku, Tokyo 134 and 2 Yokohama the intracellular death signaling by stimulation with TNF
Introduction as a common mediator of apoptotic and necrotic death signaling (20) (21) (22) (23) (24) . In GR/A mice, pregnancy-dependent mammary tumors (PDMTs*) develop during pregnancy and regress after parturiIn the present study, we examined the expression of Fas, Bcl-2 and PKC-isozymes to investigate the molecular basis of tion (1). This tumor regression is triggered by an apoptotic process (2). PDMTs progress to malignant tumor after more apoptosis and progression to malignant tumor of PDMT. than three episodes of parturition (1,2). Investigations of biochemical events on PDMTs have shown changes in mRNA Materials and methods expression of estrogen receptor and c-fos, newly expressed Animals protein, and activation of matrix metalloproteinase matrilysin Female GR/A mice were kept under a 12-h light cycle at a temperature of (2). However, the molecular machinery of apoptotic death 23-25°C and given standard laboratory chow (CE-2, Clea, Tokyo, Japan) and signaling on PDMTs has not been clarified. tap water ad libitum. GR/A mice at first pregnancy were killed at 15, 17, 19 Apoptotic cell death, an important phenomenon in the and 20 days of gestation, and at parturition, and mammary tumors in GR/A development of mammalian cells, is characterized by condensamice at first pregnancy were removed as PDMTs. Five mice per group were used for experiments, and experimental procedures was performed three times. tion and fragmentation of nuclei, loss of plasma membrane Mammary tumors in GR/A mice at third pregnancy, which showed absence microvilli, condensation of cytoplasm, and fragmentation of of regression after parturition, were also collected as malignant mammary chromosomal DNAs into 180-bp oligomers (3). Recent studies tumors. Malignant mammary tumors were removed at 2 days after parturition.
have shown that apoptosis is involved in a number of physio-
Immunoprecipitation analysis
logical cell death and disease states including immune and Cell surface proteins were labeled with biotin (Pierce, Rockford, IL, USA), reproductive system, and various types of hepatitis and autolysed in NP-40-containing buffer, pre-cleared with normal hamster IgG and immune diseases, and a number of studies investigating the immunoprecipitated with the anti-mouse Fas antibody (Jo2 antibody 25). Jo2 antibody was kindly provided by Dr Shigekazu Nagata of Osaka Bioscience molecular basis of apoptosis have been performed (4-8).
Institute. The immunoprecipitates were heated in SDS sample buffer, separated on 10% polyacrylamide gels, transferred onto nitrocellulose membranes; and incubated with avidinϪhorseradish peroxidase (avidinϪHRP) (Vector Lab., *Abbreviations: PDMTs, pregnancy dependent mammary tumors, TNF, tumor necrosis factor; ICE, interleukin-1β converting enzyme; HRP, horseradish Burlingame, CA, USA) at room temperature for 45 min. The filters were washed with TweenϪPBS and developed using ECL system (Amersham, peroxidase; DTT, dithiothreitol; PBS, phosphate-buffered saline; PKC, protein kinase C; SDS, sodium dodecyl sulfate; BCA, bicinconinic acid.
Buckinghamshire, UK). 
Protein extraction
Proteins from each tissue were prepared for immunoblotting analysis by a method described previously (4). Tissues were vortexed without homogenization in 8 M urea containing 1% SDS and 2.5% dithiothreitol (DTT) (Sigma, St Louis, MO), then vortexed again after the addition of 10% NP-40. The extracts were obtained by centrifugation at 15 000 r.p.m. All procedures were carried out at 4°C. Protein concentrations in the supernatant were determined by a method described previously (26) using BCA protein assay reagent (Pierce) with bovine serum albumin as standard.
Fig. 2. Expression of Fas in PDMTs and malignant mammary tumors. Immunoprecipitation procedure using Jo2 antibody was performed in Immunoblotting analysis
PDMTs on days 15, 17, 19 and 20 of gestation (lanes 1-4) and day 0 after Expressions of Bcl-2 and PKC isozymes were examined using an immunoblotparturition (lane 5), and in malignant mammary tumors (lane 6). Arrowhead ting procedure. Anti-mouse Bcl-2 antibody (4) was kindly provided by Dr shows the position of Fas. Yoshihide Tsujimoto of Osaka University Medical School. Sample proteins (4 µg/lane) separated by SDSϪPAGE were transferred onto nitrocellulose filters by a semi-dry blotting system. The blotted filters were blocked with phosphate buffered saline (PBS) that contained 5% (w/v) skim milk (Snow as PDMTs and those in mice at third pregnancy as malignant Brand, Sapporo, Japan) at room temperature, for 1 h, washed with a mixture mammary tumors.
of PBS and 0.05% Tween 20 (Sigma, TweenϪPBS), and then incubated overnight at room temperature with antibody diluted with PBS. After washing
Possible involvement of Fas on PDMT-regression
with TweenϪPBS, the filters were incubated with a 1000-fold diluted To examine the possible involvement of Fas in PDMT regres- We have previously demonstrated that Bcl-2 expression is down-regulated following tissue regression (4,5). We, thereat third pregnancy showed the persistent growth even after parturition (Figure 1 ). In the present study, therefore, we fore, examined the expression of Bcl-2 in PDMT regression using an immunoblotting procedure with anti-mouse Bcl-2 collected mammary tumors in GR/A mice at first pregnancy 
MG, normal mammary gland; MT, malignant mammary tumor; P, parturition. Ϫ, undetectable; ϩ, detected; ϩϩ, intense expression. Asterisks indicate the proteolysis of PKC.
antibody. Bcl-2 expression was encountered throughout the and recovered after parturition (Figure 3) . Interestingly, intense expression of Bcl-2 was seen in malignant tumor cells (Figure fragmentation (2) . Although a number of studies have investi-3). These findings suggest the possible involvement of Bcl-2 gated the molecular machinery of PDMT regression, the down-regulation in PDMT regression and progression. process remains unclear. In the present study, we examined Expression of PKC-isozymes the expression of Fas and Bcl-2 in PDMTs to investigate the To examine the expression of PKC isozymes, immunoblotting molecular basis of PDMT regression. was done using all known kinds of anti-mouse PKC isozymes
The death-associated cell surface molecule Fas transduces (anti-mouse PKC-α, -β, -δ, -ε, -η, -θ, -ζ and -λ; antibodies the intracellular death signal (7-9), and plays an important were kindly provided by Dr Shigeo Ohno of Yokohama City role in the function of the immune and reproductive system University Medical School). Expression of η, ζ and (4, 5, 7, 8) . In the present study, apoptosis-specific expression of λ was seen in both normal mammary gland and PDMTs, and Fas was encountered in PDMTs on days 19-20 of gestation, there was no change in expression (Table I ). In contrast, but no expression was seen in normal mammary gland cells expression of PKC-δ showed an interesting change in PDMTs: during gestation. Chromosomal DNA fragmentation was previproteolysis of PKC-δ was encountered only when apoptosis ously observed at 20 days and after parturition (2). In addition, occurred in these tumors (Figure 3) . Further, intense expression no expression of mRNA in another death-associated cell of PKC-ε was detected on malignant mammary tumor cells surface molecule, type-I TNF receptor (TNFR-I), was detected (Figure 4) . Expression of PKC-ε was not detected in either in either normal mammary glands or PDMTs during pregnancy normal mammary gland cells or PDMTs, indicating that intense and after parturition (data not shown). These findings strongly expression is specific to malignant mammary tumor.
suggest that the apoptotic death signal in PDMTs is transduced by Fas. Further, the apoptotic death signal in the regression in Discussion normal mouse mammary gland cells after weaning, is also transduced by Fas (A.Suzuki, unpublished data). We, therefore, PDMTs develop during pregnancy in GR/A mice, and show partial dependency on progesterone (1). This benign tumor suggest that Fas also plays the dominant role in mammary gland cells. regresses after parturition, the process of which involves apoptotic cell death characterized by chromosomal DNA
We have also previously reported that the down-regulation of Bcl-2 is only seen when apoptosis occurs (4,5). Investigation References of changes in expression of Bcl-2 in PDMT regression showed 1. Nagasawa, H., Suzuki, M., Yamamuro, Y., Sensui, N., Inaba, T. and Mori, J. that apoptosis-specific down-regulation of this molecule was (1989) Suppression of lactation by pregnancy-dependent mammary tumors also encountered in PDMT regression. On the basis of this in GR/A mice. Proc. Soc. Exp. Biol. Med., 192, 31-34. 2. Goto,Y., Nagasawa,H., Sasaki,T., Enami,J. and Iguchi,T. (1995) result and our previous data (4,5), we suggest that Bcl-2 downBiochemical changes during growth and regression of pregnancy-dependent regulation is necessary for Fas-mediated apoptosis. Bcl-2 mammary tumors of GR/A mice. Proc. Soc. Exp. Biol. Med., 209, [343] [344] [345] [346] [347] [348] [349] [350] [351] [352] [353] oncogene was originally identified through the study of the Proteolysis of PKC-δ by ICE has been reported (19). In the 9. Itoh,N., Yonehara,S., Ishii,A., Yonehara,M., Mizushima,S., Sameshima,M., report (19), two fragments (46K and 40K) of PKC-δ were Hase,A., Seto,Y. and Nagata,S. (1991) The polypeptide encoded by the produced. Fragmented PKC-δ observed in our study was cDNA for human cell surface antigen Fas can mediate apoptosis. Cell, 66, 233-243. encountered at 46K. In general, ICE-like proteinase is activated 10. Suda,T., Takahashi,T., Golstein,P. and Nagata,S. therefore also suggest that PDMT regression is triggered by 11. Watanabe-Fukunaga,R., Brannan,C.I., Itoh,N., Yonehara,S., Copeland,N.C., an apoptotic process transduced by Fas and ICE-like proteinase.
